The fine structure of the spirochete Treponema zuelzerae, and particularly of its axial filaments, was investigated by using the electron microscope. The cell consists of a protoplasmic core surrounded by two concentric envelopes, each approximately 12 nm in width. Between these envelopes are two axial filaments, one originating at each pole of the cell, which overlap and lie side by side in the central region of the cell. The diameter of the axial filaments is 18.0 to 18.5 nm. The terminal region of each filament at its proximal end consists of a hook-like structure, very similar in appearance to the proximal end of a bacterial flagellum. The outer envelope of the cell is readily disrupted with distilled water, and this treatment often results in the release of the filaments from their axial position. A sheath is seen surrounding the filaments when cells are treated with distilled water for no more than 1 min and fixed immediately with osmium tetroxide or glutaraldehyde. This sheath has a striated fine structure and a diameter of 46 nm.
Members of the order Spirochaetales are distinguished from other bacteria by their unique cell structure. Bacteria belonging to this group are helically shaped and flexible, possessing two concentric cell walls or envelopes (10, 14) . These organisms move rapidly by means of a traveling helical wave (7) but differ notably from most other motile bacteria in that they lack flagella. It was observed over fifty years ago that spirochetes possess an axial structure, and as early as 1928 Noguchi proposed that this structure, a filament, was their organelle of locomotion (13) . Subsequently, electron microscopic studies, starting with those of Bradfield and Cater (5) , revealed that different species of spirochetes possess between two and several hundred axial filaments, half of which originate at each pole of the cell. They are located in the space between the two envelopes, and they overlap in the central region of the cell (10) . The morphological resemblance of axial filaments to bacterial flagella, both throughout their length and at their proximal end (6, 12) , suggests that axial filaments are involved in motility. However, there is a paucity of information regarding the chemical nature of these filaments compared with that available for bacterial flagella. Further, there is at present no direct evidence that filaments are involved in motility, although an attempt to obtain such evidence by immunological means has been briefly reported (S. C. Rittenberg, G. H. Corsini, and R.
J. Martinez, p. 100-101, Int. Congr. Microbiol. 9th Abstr. Moscow, 1966) .
The nature of the axial filament and its relation to motility were investigated by using Treponema zuelzerae, an anaerobic, free-living spirochete first isolated and studied by Veldkamp (16 
RESULTS
Examination of whole cells. Exponentially growing cells of T. zuelzerae, examined by negative contrast as described, retain in part their helical shape ( Fig. 1, 2 ). The cells possess two axial filaments, one originating at each pole. In some instances ( Fig. 1 (Fig. 3) of the pole. The filament shown in Fig. 4 has become detached at its proximal end, and the hook-like appearance of this end is visible. The Thin sections. Thin sections of T. zuelzerae ( Fig. 8-10 ) clearly show that it possesses two envelopes which are concentric, each having a thickness of approximately 12 nm. Each has a triple-layered structure, and the outer envelope seems less well preserved than the inner one.
Axial filaments are observed in the space between the two envelopes, either singly or in pairs. This is consistent with both the 1:2:1 arrangement noted above and the observation that in the region of overlap, filaments are side by side. The filaments are always located in a bulge between the two envelopes and are surrounded by an electron transparent space with a diameter of 40 to 50 nm. Figure 8 shows In preparations fixed within I min, sheaths were found around the axial filaments. These sheaths have a striated fine structure (Fig. 11, 12 ). Even when fixed this early, the sheaths already appear to have disintegrated substantially, as evidenced by considerable unsheathed regions of axial filament and by areas where the sheaths appear to be coming apart from the filaments. In such regions, the sheaths no longer possess their striated fine structure but appear membranous. The diameter of the filament-sheath complex is 46 nm, whereas that of the axial filaments alone is 18.0 to 18.5 nm (Table 1) . If cells were treated with distilled water for longer than I min before fixation, sheaths were never seen. The filaments remained visible, however, and were apparently unaffected by this treatment.
DISCUSSION
The data reported on in this paper illustrate that T. zuelzerae is morphologically similar to other spirochetes so far described (6, 10, 12, 14) . Within the genus Treponema there is considerable variation in cell size and number of filaments, ranging from T. microdentium, with a diameter of 0.10 Im and two filaments per cell to T. reiteri, with a diameter of 0.25 ,im and seven (more probably six or eight) filaments per cell (4, 9, 14) . T. zuelzerae thus falls at the lower end of this range.
The axial filaments of most spirochetes have a diameter of 17 to 18 nm, which is slightly larger than the diameter of most bacterial flagella, but they show a striking morphological resemblance to flagella (1, 14) . Perhaps the most interesting common feature of these two organelles is the similarity of their proximal ends. Both typically end in a hook-like structure at their point of insertion into the cytoplasm. This hook may have several baseplates attached to it and generally has a noticeably different fine structure from the rest of the filament or flagellum (1, 6, 12) . We have observed these hooks at the proximal ends of the axial filaments of T. zuelzerae.
In several spirochetes the axial filament is surrounded by a sheath with a striated fine structure (4, 6, 12) . We have found a sheath in T. zuelzerae, similar to that reported by Lowy and Spencer (11), Dut it seems to be less stable than those in other organisms studied. It is not observed if cells are allowed to stand in distilled water for longer than I min. In certain regions the sheath appears to be coming apart from the axial filament. In these regions the striated fine structure is not evident, and the sheath appears membranous.
In no organism has the chemical nature of the sheath been studied. Although the sheath has not (2) in contrast to the apparent multiplicity of proteins in leptospiral axial filaments (12) . It is worth noting that the axial filaments of Leptospira species differ in size from those of most other spirochetes. They have a diameter of 20 to 25 nm, which is 10 to 40% greater than that of axial filaments of other spirochetes examined, well outside the limits of measurement error. This difference has already been observed by Pillot (14) , who contrasted the larger "axostyle" of L. icterohemorrhagiae (diameter 25 nm) with the axial filaments of Treponema, Borrelia, and Cristispira species (diameter 17 nm).
The evidence presented here shows that the axial filaments of T. zuelzerae bear a strong morphological resemblance to bacterial flagella, in spite of their location. In a companion paper (2), we present data showing that highly purified preparations of these filaments also bear a marked chemical resemblance to bacterial flagella.
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